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Abstract
In Southern European countries wildfires are the most natural threat to forests and wooded 
areas. Over the last decade, public and scientific debates on forest fire management have in-
creased. Helicopters and airtankers are extremely effective fire suppression means, but they 
are also very expensive. Studies on the improved performance of suppression for the enhance-
ment of firefighting organization are still needed. Consequently to make a plan for the distribu-
tion of financial resources to be divided between fire suppression and fire prevention actions 
in terms of fuel management is not possible. The aim of this study is to compare the helicopter’s 
forest fire-fighting activity in Tuscany (central Italy) over two periods: between 1998–2000 
and 2001–2005 when five and ten helicopters were respectively assigned. For both periods 
(1998–2000 and 2001–2005) the following were analyzed: the number of forest fires and the 
burned area with or without helicopter intervention and the position of the helicopter bases in 
relation to the fire. The results showed that a fleet of 10 helicopters is oversized, in relation to 
the fire regime of Tuscany, suggesting the need to evaluate a reduction in the fleet. Financial 
resources may be thus made available for more profitable fire prevention activities, such as, 
active fuel management. The results also showed where there is the need to improve the heli-
copter efficiency via the re–management as regards the positioning of their bases.
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used	 to	 transport	firefighters	 close	 to	 the	fire	 line.	
When	the	regional	helicopter	system	is	working	at	full	










































contract	were	900	per	year	 (i.e.	 4,500	hours	 in	five	





maximum	of	 10	helicopters	during	 summer	 for	 90	
days).	The	average	flight	hours	included	in	the	con-
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1,361	 forest	fires	occurred	 in	Tuscany,	 respectively,	
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Total Average Total Median Max Mean Mean
N N/year ha ha/fire ha/fire ha/fire ha/fire
Fires with 
helicopters
1998–2000 232 77.3 (±42) 2,312 1.0 700 9.97 (±3.19) 13.29 (±4.05)
2001–2005 485 97.0 (±32) 3,953 1.0 471 8.15 (±2.21) 12.81 (±2.80)
p level >0.05 >0.05 >0.05
Total 717 89.6 (±19) 6,265 1.0 700 8.74 (±1.82) a 12.97 (±1.37) a
Fires without 
helicopters








2001–2005 876 175.2(±52) 448 0.1 40 0.51 (±0.15)b 0.75 (±1.08)b
p level >0.05 0.002 0.000





2,887 0.3 700 4.20 (±1.42)a 5.82 (±1.46)a
2001–2005 1,361 272.2 (±83.3) 4,401 0.2 471 3.23 (±0.66)b 5.05 (±0.99)b
p level >0.05 0.049 0.000
1998–2005 2,049 256.2 (±65) 7,288 0.2 700 3.56 (±0.65) 5.31 (±0.82)
*Different letters show significant differences among values
Fig. 1 Distribution of forest fires with or without use of helicopters 
in the summers 1998–2005 in Tuscany
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Fig. 2 Helicopter activity in Tuscany, July – August 1998–2000






1998 1999 2000 2001 2002 2003 2004 2005
Alberese 21 26 12 59 24 5 34 5 9 77 136
Calci 41 20 17 78 19 3 46 12 13 93 171
Elba 6 5 2 13 7 n.a. 3 1 1 12 25
Mondeggi 24 28 14 66 13 3 44 10 13 83 149
Villa Cognola 33 12 22 67 19 n.a. 34 9 9 71 138
Cinquale
Not present in these years
14 1 36 7 9 67 67
Macchia Antonini 9 2 56 11 9 87 87
Pentolina 26 4 37 4 10 81 81
Riparbella n.a. 3 25 4 3 35 35
Tassignano 26 3 58 11 16 114 114




* Every base has only one helicopter. The sum of number of fire per helicopter is higher than the number of »fires with helicopters« showed in Table 1 because two 
or more helicopters were used together in many fires
n.a. – not available
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the	shortest	distances.	Comparing	the	distances	of	the	
















N N % N %
1 44 37.61 55 29.57
2 39 33.33 38 20.43
3 26 22.22 25 13.44
4 6 5.13 21 11.29
5 2 1.71 19 10.22
6 - - 15 8.06
7 - - 8 4.30
8 - - 3 1.61
9 - - 1 0.54
10 - - 1 0.54
Total 117 100 186 100
Average, N/year 39.0 (±8.9) 37.2 (±6.9) p level >0.05








1998 1999 2000 2001 2002 2003 2004 2005 Total 1998–2000 Total 2001–2005
N N N % N %
1 83 59 49 68 14 155 39 45 191 82.3 321 66.2
2 15 13 6 27 5 57 10 13 34 14.7 112 23.1
3 1 2 2 9 0 20 5 3 5 2.2 37 7.6
4 1 0 0 2 0 6 0 3 1 0.4 11 2.3
5 1 0 0 0 0 4 0 0 1 0.4 4 0.8
Total 101 74 57 106 19 242 54 64 232 100 485 100
*No more than 5 helicopters were used on the same fire in the whole period
Fig. 3 Helicopter activity in Tuscany, July – August 2001–2005
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Table 5 Distance between base and fire location in July – August 1998–2000 (5 helicopters) and 2001–2005 (10 helicopters) in Tuscany*
Base
Period 1998–2000 Period 2001–2005
Mean, km Max., km Mean, km Max., km p level
Alberese 47.5 (±3.1)a 167 41.4 (±2.7)ab 151 >0.05
Calci 32.8 (±2.7)b 157 30.8(±2.5)cd 142 >0.05
Elba 25.0 (±10.6)b 117 18.8 (±6.9)d 146 >0.05
Mondeggi 47.3 (±3.1)a 132 a 33.9 (±2.6)bc 143 b 0.000




MacchiaAntonini 30.4 (±2.7)cd 139
Pentolina 50.6 (±2.7)a 106
Riparbella 51.6 (±4.0)ab 106
Tassignano 23.4 (±2.2)d 160
p level 0.000 0.000
Period mean 40.4 (±1.5)a 34.0 (±1.0)b 0.000
*Different letters show significant differences among values





rad (°) rad (°)
A Alberese 0.56 31.8 0.43 1.13 1.06 61.0
B Calci 5.95 341.1 0.46 1.07 1.03 59.3
C Elba 1.09 62.7 0.32 1.37 1.17 67.0
D Mondeggi 4.65 266.7 0.30 1.39 1.18 67.5
E Villa Cognola 2.98 170.5 0.16 1.68 1.30 74.4
Period 2001–2005
1 Alberese 1.16 66.5 0.34 1.32 1.15 65.9
2 Calci 0.57 32.7 0.11 1.78 1.33 76.2
3 Cinquale 0.56 32.1 0.49 1.03 1.02 58.4




2.62 150.1 0.41 1.17 1.08 61.9
6 Mondeggi 5.96 341.5 0.15 1.70 1.30 74.5
7 Pentolina 2.21 126.6 0.51 0.97 0.99 56.7
8 Riparbella 0.54 30.9 0.54 0.92 0.96 55.0
9 Tassignano 5.45 312.3 0.32 1.35 1.16 66.5
10 Villa Cognola 3.46 198.2 0.17 1.65 1.29 73.9
*S2 – angular variance, 2 * (1 – rc);  S – mean angular deviation, RADQ (2 * (1 – rc))
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Per fire Per helicopter
N ha/fire min./fire N min./helic. N
1998–2000
1 2.2 (±4.4)a 94.2 (±4.7)a 191 94.2 (±10)a 191
2 9.9 (±19.8)b 339.5 (±45.6)b 34 169.8 (±18.3)b 68
3 42.9 (±71.3)b 729.2 (±240.5)b 5 243.1 (±53.6)b 15
4 637.0 (-) 2760 (-) 1 690 (±160.9)b 4
5 700.0 (-) 3173 (-) 1 634.6 (±170.3)b 5
p level 0.000 0.000 0.001
2001–2005
1 1.4 (±3.5)a 96.6 (±4.1)a 321 96.6 (±4.1)a 321
2 14.6 (±57.6)b 331.8 (±30.3)b 112 165.9 (±11.9)b 224
3 33.4 (±92.1)c 684.4 (±76.0)b 37 228.1 (±20.3)c 111
4 43.1(±55.8)c 1053.5 (±223.9)b 11 263.4 (±38.1)c 44
5 41.2 (±25.9)c 2018.5 (±681.3)b 4 403.7 (±80.5)c 20
p level 0.000 0.000 0.000
*No more than 5 helicopters were used on the same fire in the whole period. Different letters show significant differences among values
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effects	 of	 wind	 (Rentch	 2010),	 the	 distribution	 of	


































E. Marchi et al. Analysis of Helicopter Activities in Forest Fire-Fighting (233–243)




































































































Analysis of Helicopter Activities in Forest Fire-Fighting (233–243) E. Marchi et al.




























dios	aéreos	en	 la	defensa	contra	 los	 incendios	 forestales,	
Cordoba.
Xanthopoulos,	G.,	Caballero,	D.,	Galante,	M.,	Alexandrian,	
D.,	Rigolot,	E.,	Marzano,	R.,	2006:	Forest	Fuels	Management	
in	Europe.	In:	Proceedings	of	the	1st	Fire	Behavior	and	Fuels	
Conference,	»Fuels	Management	–	How	to	Measure	Suc-
cess«,	Portland,	Oregon,	USA,	March	27–30.	Andrews,	P.	L.	
and	B.	W.	Butler,	compilers.	USDA	Forest	Service.	Rocky	
Mountain	Research	Station,	Fort	Collins,	Colorado.	RMRS-
P-41.	809	p.
Xanthopoulos,	G.,	2007:	Forest	fire	policy	scenarios	as	a	key	
element	affecting	the	occurrence	and	characteristics	of	fire	
disasters.	In:	Proceedings	of	4th	International	Wildland	fire	
Conference,	May13–17,	Siviglia,	Spain.	11	p.
Received:	August	8,	2013
Accepted:	February	2,	2014
Authors’	address:
Prof.	Enrico	Marchi,	PhD. 
e-mail:	enrico.marchi@unifi.it 
Francesco	Neri,	PhD.* 
e-mail:	francesco.neri@unifi.it 
Fabio	Fabiano,	PhD. 
e-mail:	fabio.fabiano@unifi.it 
Niccolò	Brachetti	Montorselli,	PhD. 
e-mail:	n.motorselli@gmail.com 
Department	of	Agriculture	 
Food	and	Forestry	System 
University	of	Florence
Via	S.	Bonaventura	13,	50145	Florence
ITALY
Enrico	Tesi,	PhD. 
e-mail:	enrico.tesi@regione.toscana.it
Tuscany	Region,	Sector	»Forestry,	Promotion	of	
Innovation	and	EU	Community	Measures	in	 
Agri	environment«	
Via	di	Novoli	26,	50127	Florence	
ITALY
*	Corresponding	author
